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Introduction
Endoleaks are an important complication following hybrid 
thoracic endovascular aortic repair (TEVAR) with an 
incidence ranging from 20% to 25% (1,2). There are five 
different types of endoleaks, which are classified based on 
the source of vessels that cause the inflow into the aneurysm 
sac (3). Type I endoleaks (EL-I) occur at either the proximal 
(Ia) or distal (Ib) attachment sites and can be seen during 
insertion of the initial stent graft or during a follow-up 
surveillance imaging exam. EL-I may be secondary to 
incomplete dilatation or inaccurate sizing of the stent graft, 
diseased aortic wall or aortic tortuosity with angulations, 
leading to higher chances of rupture (4). However, EL-I 
represent a technical failure of endovascular repair that 
should be corrected promptly. However, endovascular EL-I 
repair at the level of aortic arch is not always possible due 
to an improper landing zone in the ascending aorta making 
it technically challenging. In the present paper, we describe 
three cases of EL-Ia following TEVAR and we address 
different repair techniques. 
Written informed consents were obtained from the 
patients for publication of the article and any accompanying 
images.
Operative techniques 
Case 1: open repair 
A 69-year-old patient had undergone hybrid TEVAR with 
complete debranching of the supraaortic vessels with a 
carotis-subclavian bypass. He developed a type Ia endoleak 
(EL-Ia) (Figure 1A,B). There were no endovascular repair 
options due to the debranching anastomosis at the levels 
of landing zone 0. Therefore, indication for open heart 
surgery was given aimed at aligning the proximal part of the 
endostent to close the endoleak. 
After repeat sternotomy and sharply adhesion division, 
the distal part of the endograft in the ascending aorta was 
identified and, since the aorto-pulmonary window was 
dangerously adhered, we decided to proceed on pump 
through aortotomy. After cannulation in the ascending aorta 
and the right atrium, we proceeded to circulatory arrest 
with mild hypothermia. Antegrade perfusion to the brain 
and the upper body was achieved through the debranching 
prosthesis on the ascending aorta. After a hockey-stick 
incision, the inner wall and the proximal part of the stent 
were visible and it was ensured to the aortic wall with 
interrupted 4-0 pledgeted prolene (Ethicon, Somerville, 
NJ, USA) sutures (Figure 1C). The cardio circulatory arrest 
time was 15 minutes. The aortotomy was closed and the 
operation was completed as usual. On postoperative angio-
CT, no endoleak was visible. 
Case 2: frozen elephant trunk 
A 74-year-old female had a history of hybrid TEVAR for 
aortic arch aneurysm up to landing-zone 3. She developed 
a symptomatic type Ia endoleak seen during follow up 
which lead to expansion of the aneurysm towards the left 
subclavian artery (Figure 2A,B). Further debranching to 
the ascending aorta would have been dangerous due to 
porcelain aorta. Therefore, the plan was to replace the 
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ascending aorta using a frozen elephant trunk to cover the 
endoleak. 
Under continuous electroencephalography, and aorto-
atrial cannulation, a moderately hypothermic circulatory 
arrest was established. The ascending aorta was incised 
and selective antegrade cerebral perfusion was initiated. 
On inspection, the endograft had been placed near the 
ostium of the subclavian artery and a partial collapse of the 
stent at the outer curvature was evident. A frozen elephant 
trunk (4-branched hybrid prosthesis, ThoraflexTM 
Hybrid, Vascutek Terumo, Inchinnan, UK) was inserted 
15 cm into the endograft, and deployed accordingly. It 
was anastomosed at its proximal part to the aortic wall in 
landing zone 2, covering the subclavian artery and the entry 
site of the endoleak (Figure 2C). The arterial cannula was 
re-connected to a side arm of the Dacron prosthesis and 
extracorporeal circulation was re-started. Subsequently 
the supra-aortic vessels were re-implanted in the Dacron 
prosthesis and the proximal supra coronary anastomosis was 
performed. Post-operative angio-CT showed no endoleak. 
Case 3: stent in stent with complete debranching 
A 55-year-old man had previously undergone TEVAR and 
left-sided carotid-subclavian bypass, due to a contained 
rupture of the proximal descending aorta. He developed 
an EL-I with enlargement of the aneurysm due to 
malpositioning of the proximal part of the stent graft in 
landing zone 2 (Figure 3A). The surgical plan was to extend 
the prior endograft into the landing zone 0 after completing 
the debranching of the supra-aortic vessels. 
After sternotomy and heparinization (5,000 units I.V. 
Figure 1 Case 1. (A) Preoperative CT scan; (B) the drawing shows the endoleak Ia re-feeding the aneurysm; (C) closure of the endoleak 
with interrupted 4-0 pledgeted prolene sutures.
Figure 2 Case 2. (A) Preoperative CT scan; (B) type Ia endoleak seen during follow up which lead to expansion of the aneurysm towards the 
left subclavian artery; (C) frozen elephant trunk (see text).
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to achieve an activated clotting time target of 200 to 
300 seconds), we de-branched the supra-aortic vessels 
using a 16-mm bifurcated prosthesis (Vacutek, Terumo 
CVS, Inchinnan, UK) which was implanted off-pump in 
the ascending aorta through side clamping. This allowed 
us to create a proper landing zone for the new endograft. 
The difficult aortic arch was bypassed using the through-
and-through wire technique (5). This technique provides 
safe endostent deployment in a controlled fashion, while 
reducing the risk of aortic valve and coronary ostia damage. 
For this purpose, a 400-cm, 0.035-inch hydrophilic 
guidewire (Terumo Medical Corporation, Somerset, NJ, 
USA) was inserted through a 6-F sheath in the proximal 
ascending aorta and retrieved by a snare in the descending 
aorta which was extracted through left common femoral 
artery sheath. To control the proximal landing zone a 
stent was introduced through the ascending aorta over the 
through-and-through femoral-ascending aorta stiff wire 
and deployed to seal the endoleak with a wide overlap 
(Figure 3B). Post-operative angio-CT showed no endoleak 
(Figure 3C). 
Discussion 
Open repair of the aortic arch is a high-risk procedure with 
substantial risk of mortality and morbidity (6). Prolonged 
circulatory arrest, cerebra, cardiac and visceral ischemia 
are important concerns (6,7) in addition to postoperative 
Figure 3 Case 3 (A) Type Ia at CT scan; (B) stent-in stent procedure (see text); (C) postoperative angiography.
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coagulation disturbances and bleeding. For these reasons, 
hybrid thoracic endovascular aortic repair (TEVAR) is a 
promising alternative (7,8) with presumably lower mortality 
and morbidity (8-10). Nevertheless, the aortic arch is a 
real anatomical challenge for hybrid-TEVAR approach. 
Endovascular repair of aortic arch pathology is impeded 
due to high blood flow and local pulsatility in the arch. 
More importantly, the non-compliance of endostent with 
the inner curve of the aortic arch and the restrictions of the 
landing zone due to supra-aortic vessels hamper appropriate 
apposition of the graft, which makes this procedure prone 
to EL-I (9,11,12). An illustrative example of this is the bird-
beak configuration after TEVAR, which is an independent 
predictor of EL-I (13). 
Complete debranching of the supra-aortic vessels to 
reach landing-zone 0, seems most effective in preventing 
EL-I, because of a proximal seal in a non-curved ascending 
aorta (9,14). On the other hand, because of more invasive 
nature of this procedure, due to sternotomy, there may 
be higher per-operative complications and mortality (15). 
Furthermore, EL-I has been described to occur in all 
landing zones (14). 
Although most post-TEVAR complications can 
be managed by endovascular techniques, (10) some 
complications, especially EL-I, usually require open repair 
(16-18). Because of a large variety of anatomical variations 
in the diseased arch and ascending aorta, treatment 
strategies should be tailored to patient disease and 
morphology in this region. 
We have described three different approaches to repair 
EL-I in the arch after a hybrid TEVAR. Although open 
surgery is an option for all patients, we tend to evaluate the 
least invasive measures possible. 
In all cases the possibility of endovascular repair was 
discussed before the indication was set for open repair. 
In case 1, the limitation was due to the debranching 
anastomosis in landing zone 0. Therefore, an endovascular 
approach would have jeopardized the anastomosis to the 
supraaortic vessels. In case 2, only the option of an arch 
device would be feasible, due to a porcelain ascending aorta 
limiting the chances of debranching. However, a custom 
made arch device requires several weeks and in this case, 
due to symptomatic endoleak, we decided to proceed 
with open repair. In case 3, there was also a symptomatic 
endoleak which required urgent treatment. Therefore, also 
in this case an arch device was not feasible.
However, specific concerns arise when open repair of 
the endoleak is required in the aortic arch. First of all, an 
open anastomosis may be necessary because clamping of 
the aortic endograft is precluded (17). Secondly, when the 
supra-aortic vessels are debranched to the ascending aorta, 
a reoperation is much more difficult in an adhesive surgical 
field. This may be aggravated by systemic inflammatory 
reaction to the endograft (19) or local reactions to the 
aneurysm. Thirdly, due to mal-alignment of the stent due 
to arch curvature, a frozen elephant trunk may be the most 
reliable option because of the hand-made anastomosis at the 
level of endoleak. Furthermore, considering the danger of 
aortic valve damage with a stiff wire, a through-and through 
technique may be useful when landing zone 0 is pursued. 
In conclusion, we believe that EL-I in the arch requires 
patient-tailored treatment and that, considering the possible 
impact of open surgery, the chance of development of EL-I 
should always be considered prior to hybrid-TEVAR and 
possible specific-treatment options be carefully evaluated. 
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